Abstract We propose that the ability of opinion leaders of influencing ordinary farmers to adopt more sustainable practices in irrigation systems during extremely dry periods depends on the type of social network in which they are embedded. We show that in disassortative networks, where influent people link preferentially to relatively disconnected ones, e.g., in large gravity-fed irrigation systems, opinion leaders can be important to encourage the adoption of sustainable practices because they tend to present relatively high betweenness centrality scores, which indicates a greater ability to bridge clusters of otherwise disconnected people. In assortative networks, i.e., in networks in which people tend to connect to other similar individuals, on the other hand, it seems that the ability of leaders to influence other people is not directly related to their betweeenness centrality degree. We conclude than that betweenness centrality is a source of influence only in disassortative networks, that additionally present low clustering coefficients. This suggests that opinion leaders may be important to help bridge the informational gap between agencies and stakeholders in some, but not in all, irrigation systems, in order to pave the way for the adoption of measures to cope with extreme droughts, like the one Brazil is currently experiencing.
Introduction
Since 2013 the southeastern Brazil, which concentrates more than 70 million people, 20 million only in the metropolitan region of São Paulo, the largest city in the country, has been suffering its worst drought in history. For not having taken the necessary preparatory measures to cope with a drought of this magnitude, authorities have been spending huge amounts of money to implement media campaigns seeking to persuade people to reduce consumption, which, despite the population awareness of the gravity of the situation, has not been sufficient to lead to a sustainable level of water consumption. An explanation for this failure is that the domestic consumption is not the main component of the water use in the region: the use of water for irrigation alone accounts for 70 % of total consumption. It seems, then, that a sustainable solution for the problem will have to involve a reduction in water consumption by farmers. However, although the adoption of better practices has already led to a drop of 30-40 % of previous water use in certain irrigated cultures in the south of the country, farmeŕs preparedness to adopt more sustainable irrigation practices in the southeast does not appear to be influenced by information about these techniques. Interesting, this seems to be true even in developed countries such as in US and Australia. In the latter, for example, while the level of uptake of drought prediction is high within government agencies, less than one third of farmers take drought predictions into account to change major decisions (Wright 2005) .
Much of the foregoing suggests that at the heart of the problem is the need for sound communication between government agencies responsible for drought mitigation and farmers. Since the seminal work by Katz and Lazarsfeld (1955) , who formulated the twostep flow model of communication, the idea that opinion leaders can accelerate the diffusion of information has occupied a central place in literatures of the diffusion of information (Watts and Doods 2007) . There is, specifically, a growing literature focusing on individuals who facilitate a move from unsustainable practices to more sustainable regimes, called institutional entrepreneurs, by making available new information to more peripheral individuals, creating new institutions or transforming existing ones . The ability to leverage resources to promote transitions in water management is highly increased, according to this literature, if the actor occupies a central position in the social network (Bodin and Crona 2011) .
While the centrality of an actor may be determined by reference to different structural attributes, the most effective indicator of centrality in informational networks is the Freeman's betweenness index (Freeman 1977) , which is based upon the frequency with which an agent falls between pairs of other actors on the shortest paths connecting them. An individual with high betweenness exhibits a potential for control the information flow to the extent that he or she can influence the group by withholding or distorting information. Betweenness centrality, then, is positively connected to the ability of a particular agent to span structural holes in social networks (Everett and Borgatti 2005) , i.e., to the ability to connect agents who are disconnected of the network in some way (Burt 1992) . But in order to influence other people, having relevant new information is not the only thing that counts. To be an opinion leader, an agent must of course be also able to influence a large number of other agents, i.e., the change agent must have high social status, in the sense of being acknowledged as a reliable source of information by a sufficient large number of neighbors. An indicator traditionally used for assessing social status in sociological studies is Bonacich beta-centrality which sums up indirect contact to agents' direct contacts (Podolny 2005 ).
Social status, or reputation, and access to structural holes are thus complementary assets, to the extent that the latter provides advantage in detecting new opportunities or risks while the former provides advantage in the form of more likely acceptance by a target audience. Furthermore, as people shape their attitudes, opinions experiences and abilities mostly through their social networks contacts, the larger the number of people that individuals with high betweenness centrality are able to influence, the faster the information flow throughout social network (Burt and Merluzzi 2013) . In networks where social status is not related to the ability of conveying information to less connected people, on the other hand, opinion leaders tend to conform highly to their systems' social norms (Rogers 2003) . Exchange of ideas, in this case, occurs most frequently between individuals who are alike, or homophilous in certain attributes such as education and beliefs. Heterophilous communication which occurs through links that connects different clusters, however, has more informational potential mostly in terms of conveying information about innovations, defined as an idea, assessment, practice or technology that is perceived as new by an individual. That happens because in homophilous or assortative networks, elite individuals-the ones that adopt earlier innovation-interact mainly with one another, which causes new ideas to spread horizontally rather vertically as in heterophilous or disassortative networks (Morris 2001) . While there is little systematic study of assortativity, there is some evidence that positive assortativity is a property of many socially generated networks, while disassortativity is more common in technological and biological networks. Economic networks, such social networks underlying irrigation systems, have some aspects of both social and technological relationships (Jackson 2008) .
The study of how key actors can affect the governance of irrigation systems, however, has been overlooked in much of the literature on irrigation management (Meinzen-Dick 2007). Thus, the main goal of this paper is to further our understanding of the way in which opinion leaders can be mobilized to help implement best practices in the use of water in irrigation systems. Specifically, we asked whether systems whose underlying social networks are less assortatively mixed are the ones where key-actors could make a difference in the diffusion of sustainable practices of water use.
Materials and methods

Characterization of the irrigation system studied
The three networks studied in this paper were built from data gathered in the Irrigation District of the Gorotuba River. The District is a medium size gravity-fed system located in the region known as the drought polygon in the state of Minas Gerais in southeastern Brazil. Water is distributed along 134.3 km of canals that irrigate 4893 ha. Furrow is the main irrigation method, used in about 50 % of the irrigated area for 447 irrigators, who produce fruits, grains and other crops, in 61, 25 and 15 %, respectively, of the irrigated area. The irrigators occupy 11 settlements distributed over five regions, which operate with different levels of productivity.
Data collection
Information to build friendship and informational networks was collected through a roster study. The stakeholders were approached with a list of all the other members of the system Scientometrics (2015) 105:817-824 819 and asked two questions: a) who on the roster you meet often in social occasions and b) whom do you turn to get environmental and economic information, such as weather forecasts, market conditions for produced goods, new production practices, and new irrigation technologies. The rewired network was built by re-wiring the informational network in order to get the typical low clustering coefficient of dissasortative networks.
Methods
Two binary relational matrices were built with cells valued 1 if there is a relationship between stakeholders in terms of questions a) and b), and zero otherwise. Only the irrigators that belonged to the giant component of both friendship and informational networks were considered. The clustering coefficient, E-I index and core-periphery indicator were computed directly through in-built procedures of the computer program Ucinet (Borgatti et al. 2002) . The regression analysis was performed by using the QAP Regression technique, because most of the standard formulas for computing estimated standard errors, computing test statistics, and assessing the probability of null hypothesis do not work with network data, since observations or scores are not independent samplings from populations. To calculate the significance of the observed regression coefficients, the method compares the observed value of the coefficient to the coefficients obtained between thousands of pairs of matrices (or vectors) that are just like the data matrices, but are known to be independent of each other. To construct p-values, it counts the proportion of the cases that the coefficients were so large as the coefficients obtained. We consider a p value of \5 % to be significant (for details see Borgatti et al. 2013: chap. 8 ).
Bonacich 's beta-centrality metrics (Bonacih 1987) , C b (i) is a standard measure for relational social status. Formally, the metric as defined as follows.
where a is a scaling parameter, b is a value which reflects the amount of dependence of actor centrality on the centralities of other agents to whom agent i is directly tied, and A is the adjacency matrix. Larger values to b, thus, weight the equation toward the wider structure surrounding actor i. This metric implies that social status is a positive function of the number and status of agents j. If the only determinant of status of actor i is the number of agents j directly related to him then b should be close to zero, and the beta-centrality degree of i would be equal to its degree centrality. If the status of agents connected to j affects status of the agent i, then b should be closer to the maximum eigen-value of the matrix A. Ucinet automatically sets the optimal value for b as the maximum eigen-value of A. The status scores were normalized to be a multiple of average status; a score of 2, for instance, indicates an agent with status twice the mean.
Results
The Q1 network displayed in Fig. 1 resembles the typical pattern of assortative systems in which a dense core of individuals with relative informational advantage, i.e., higher betweeness centrality farmers, is surrounded by a periphery of lower betweenness centrality individuals. The Q2 network is more alike the hub-and-spokes structure characteristic of disassortative networks, in which higher betweenness farmers tend to connect to lower betweeness ones, who are relatively disconnected from each other. The assortativity degree of a network has important implications for the diffusion of new practices. The most relevant issue for our purposes is that the opinion leaders with informational advantage, tend to be more important in the later than in the former network. Figure 1 b suggests that those individuals-highlighted as regional and local hubs-occupy key Fig. 1 Friendship (Q1) and informational (Q2) networks in the Gorotuba Irrigation System. The network Q2 unlike Network Q1 displays features of disassortative networks such as hub-and-spoke systems, in which more peripheral farmers-the spokes-have few partners and get information they need mainly from the hubs (regional and local hubs are circulated respectively in black and red). This explains why betweenness centrality (the size of the nodes is given by their betweenness centrality score) is an important source of social status (beta-centrality) in Q2
Scientometrics (2015) 105:817-824 821 positions along communication flow, to the extent that they are the only channel of information for more peripheral individuals. In friendship network, on the other hand, information flows through different channels making the role of high-betweenness individuals much less important. Table 1 displays the metrics computed for assessing the assortativity degree of the two networks. The clustering coefficient (cc) can be thought of as the fraction of pairs of people with a common friend who are themselves friends. Social networks, which tend to be assortatively mixed, have typically high values for cc, while technological and biological networks, on the other hand, tend to have lower values for cc. The E-I index is an inverse measure of assortativity. The index computes, from a partition of the network into a number of mutually exclusive groups aggregated according the beta-centrality degree of their constituents, the number of ties external to the group minus the number of ties that are internal to the group divided by the total number of ties. Negative values for this coefficient, therefore, suggest the presence of assortativity by degree, i.e., suggests that individuals with high social status tend to associate preferentially with other high social status individuals (and low status individuals with other low status individuals). The final way used to access the assortativity degree of the networks was the Pearson correlation coefficient (fitness) between our observed networks to an idealized core-periphery structure.
Taken together the three metrics confirm that the Informational Network is more disassortative than the friendship one. Furthermore, the rewired network is still more disassortatively mixed that the original informational network. Table 2 (see Online Supplement) displays the results of the QAP-Regression analysis for each network. While the values of the R-square are small in both friendship and informational networks, the computation indicate that social status (measured by actors' beta-centrality) is influenced by the ability of individuals to bridge structural holes (measured by individuals' degree of betweennes centrality). That effect, however, is more significant in the informational and rewired networks, for which betweenness centrality is the sole force determining social status (wealth measured by the control variable area of farmers' properties, is not a source of status unlike in the friendship network).
Discussion
Results of the regression analysis indicate that the ability of conveying information is an important source of social status in dissassortative networks such as in medium to large irrigation systems. While some recent work have already detected this correlation in other settings (Burt 2010 ). They do not present, as far as we know, any convincing explanation of why this is a property specifically of disassortative networks. We think the answer has to do with the fact that assortative networks tend to present relatively high clustering coefficients while technological and biological networks, which are in general dissassortative, tend to have lower values for that indicator (Newman 2012: 200) . A high value for this coefficient means that if an actor B has two neighbors A and C, they are likely to be connected to one another due their common connection with B. The brokerage return to B, therefore, tends to be small since A can get all information she needs from C. Social systems tend to organize themselves assortatively because a key factor driving the creation and the evolution of networks is agency behavior. People choose or not choose to establish social connections in order to create social structures that favor them in some way. One of the most common finding in diffusion research is that spatially proximate actors influence each other which creates homophily. For example, most of individuals do not evaluate an innovation on the basis of scientific information. Instead, they depend mostly upon a subjective evaluation of that innovation that is conveyed to them for other individuals like themselves who have adopted the innovation (Rogers 2003) . Individuals, thus, form the network links that require the least effort and are most rewarding.
In systems where information collection is more valuable as in highly dynamic and/or uncertain social or physical environments, however, such low-effort links are most costly or less rewarding for obtaining information or making trade (Brass et al. 2004 ). This happens when there are high search costs, physical or geographical constraints to create new direct links, uncertainty surrounding connections, lack of expertise of stakeholders with new techniques and technologies, lack of expertise to interpret scientific information and/or problems of coordination among stakeholders (Brass 2009 ). In these cases, all of them usually present in medium to large irrigation systems, it may be difficult or excessively costly to make direct connections, which make the use of a broker be the best option. It is understandable, therefore, that heterophilous links with socially and spatially distant other will be spontaneously created in such systems. The individuals that in reason of subjective characteristics can bridge these structural holes will be more appreciated reaching to key positions of higher social status in the underlying social networks. That explains why we identified a greater role for external links and lower clustering coefficients in our artificially constructed disassortative network.
Although we do not claim a higher level of generality to our study than the one permitted by our limited database, it seems quite likely that the conclusion that the role of potential leaders in instigating changes in water management should be assessed with basis on the degree of assortativity of the underlying networks is a very general result. We found specifically that it may be advisable using opinion leaders to improve the communication flow in medium to large irrigation systems, but not necessarily in relatively self-organized small ones. Furthermore, although much further work is needed to make stronger claims about that, we suspect that the assessment of the assortativity degree of the underlying social networks may also help to understand the propagation patterns of ideas, beliefs and behaviors in different settings, such as in the management of forests, fisheries, and even banking crises (May et al. 2008) .
